Assessment of post-dialysis dry weight: An application of the conductivity measurement method  by Kouw, Peter M. et al.
Kidney International, Vol. 41(1992), pp. 440—444
Assessment of post-dialysis dry weight: An application of the
conductivity measurement method
PETER M. Kouw, CORNELIS G. OLTHOF, PIET M. TER WEE, LIEM P. OE, AB.J.M. DONKER,
HANS SCHNEIDER, and PETER M.J.M. DE VRIES
Depart,nenrs of Internal Medicine and Medical Physics, Free University Hospital, Amsterda,n, The Netherlands
In the clinical practice of hemodialysis, estimation of "dry
weight" is a major problem. "Dry weight" is defined as that
weight at the end of a dialysis treatment below which the
patient, more often than not, will develop symptoms of hypo-
tension [1]. Overestimation of dry weight will expose the
patient to the potential hazards of overhydration, such as
hypertension and pulmonary edema. On the other hand, under-
estimation of dry weight will make the patient more prone to
suffer from hypotensive episodes during dialysis.
In the absence of overt clinical signs of dehydration or
overhydration, blood pressure is often used as an index of
correct hydration. However, it is well known that such a
clinical parameter is insensitive in detecting abnormalities of
the fluid balance in dialysis patients [2]. Therefore, new tech-
niques to assess dry weight are warranted [3—5].
In previous reports we have shown that changes in regional
tissue hydration can be detected by non-invasive conductivity
measurements [6, 7]. The technique separately detects intra
(IFY)- and extracellular fluid volume (EFV). In a steady state
condition IFV and EFV calculated according to this method
showed an excellent correlation with IFV and EFV determined
by conventional isotopic dilution techniques [8]. In the present
study pre- and post-dialysis values of IFV and EFV were
compared to normal values obtained from measurements in
healthy volunteers in order to identify post-dialysis over- and
underhydration. Secondly, the effect of fluid withdrawal on
blood volume (BY), EFV, IFV and hemodynamics in over- and
underhydrated patients was investigated.
Methods
Patients and controls
Twenty-nine patients on maintenance hemodialysis were
admitted to the study (14 women and 15 men). They were
dialyzed for three hours three times a week. All patients were
dialyzed with polysuiphone dialyzers. Their mean age was 58
18 years and their mean post-dialysis weight was 61 11 kg.
Dialysate was bicarbonate-buffered and contained 141 mmol/
liter sodium. Fluid was withdrawn by ultrafiltration (UF) and
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Since an electrical current at low frequencies (<10 kHz) does
not penetrate the cell membrane, only extracellular conductiv-
ity (Ye) is measured in this range. At high frequencies (>10
kHz), electrical current progressively enters the intracellular
compartment (IC), until at 510 kHz this penetration is complete
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with the ultimate goal to reach the clinically determined dry
weight at the end of dialysis. Supine blood pressure and pulse
rate, and body weight were recorded before and after treat-
ment. Complaints during treatment were registered, as well as
the frequency and severity of hypotensive episodes. Before the
start of dialysis, patients were kept in the supine position for at
least 30 minutes in order to stabilize the distribution of tissue
fluid over IFV and EFY. In vivo validation measurements had
revealed that this period of time was enough to ensure stabili-
zation (data submitted for publication). Immediately before and
after treatment, tissue hydration was measured by means of a
non-invasive conductivity technique that had been validated by
experiments in vitro and in vivo [9, 10].
To determine normal tissue hydration state, conductivity
measurements were also performed in two groups of controls.
The first group consisted of 21 healthy male adults (group A).
Their mean age and weight were 28 10 years and 71 8 kg,
respectively. The second group consisted of ten subjects, five
men and five women, with a mean age comparable to the
patients (56 10 years) and a mean weight of 74 10 kg (group
B).
Four circumferential aluminum electrodes (Equip, Maassluis,
The Netherlands) were placed around the lower leg (Fig. 1).
The outer two were used to apply an alternating current of one
mA with various frequencies (3 to 510 kHz), and the inner two
to measure the conductivity of the intermediate tissue. The
most distal electrode was placed at a distance of 5 cm from the
medial malleolus, the most proximal one at a distance of 25 cm
from the same point. The distance between the current elec-
trodes and their neighboring measuring electrode was 2.5 cm.
The mean cross sectional area of the tissue under investigation
(A) was calculated from the circumferences of the inner elec-
trodes (Cl and C2), according to the formula:
(Cl + C2)(C1 + C2) — (Cl*C2)
12ir
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Fig. 1. Schematic presentation of the experimental set up.
[9, 101. Measurements were performed in the whole range of
frequencies in order to discriminate between extracellular and
intracellular conductivity (Yi). The measurements were per-
formed at the lower limb for practical reasons, and to standard-
ize the method and to be able to calculate conductivity per unit
tissue mass. It has been shown that regional conductivity is
almost as predictive as whole body conductivity in estimation
of body fat free mass and thus body fluid volume [11]. There-
fore, the lower leg seemed to be a good representative for whole
body fluid volume. This was indeed proven during an in vivo
validation study: a significant correlation was found between
total body fluid loss after intravenous furosemide injection and
the decrease in fluid volume measured at the lower limb (data
submitted for publication).
Ye and Yi are known to be related to the amount of EFV and
IFV in the tissue under investigation, and to the ion concentra-
tion of their compartments [10]. Although intracellular fluid is
not directly accessible for investigation, its total ion concentra-
tion resembles that of extracellular tissue fluid. The ion con-
centrations of serum and extracellular tissue fluid are similar.
Thus, serum samples were obtained to investigate variations in
body fluid ion concentration.
Serum conductivity (Ys) was measured in a conductivity cell
that was made of glass and contained four circular platinum
electrodes [10]. The conductivity cell was kept at a constant
temperature of 37 degrees Celsius. The cell was filled with
serum, and the four electrodes were used in the same way as the
in vivo electrodes described above.
Comparison of EFV and IFV between patients and control
subjects was possible by dividing the individual values of Ye
and Yi obtained in the patients by the values obtained in the
control subjects. The following equations were used:
EFV patients
Ye patients mean Ys in controls
= *— *100%
mean Ye in controls Ys patients
(3)
with EFV and IFV in relative values.
These equations reflect the regional amounts of EFV and IFV
between the measuring electrodes in patients, expressed as
percentages of the values in the control subjects. Variability in
EFV and IFV between patients and controls may be caused by
a relative larger IC or extracellular compartment (EC) in the
tissue composition, or merely by interindividual differences in
the size of the lower limb. In the latter situation a normal
distribution of tissue fluid between EC and IC will be found. To
assess the distribution of tissue fluid between IC and EC in
patients compared to control subjects, Ye and Yi were cor-
rected for the dimensions of the lower limb.
In an experimental set-up the conductivity of a filled conduc-
tivity cell depends, besides on electrical properties of the
content, on the cross sectional area (A) and length of the
conductivity cell (d), according to the equation:
A d
Y=k*jork=Y* (4)
in which k is the specific conductivity, reflecting the electrical
properties of the measured fluid. In our subjects the tissue
between the measuring electrodes can be seen as a conductivity
cell. Translation to the in vivo situation led to the following
equation:
Ye * dke= (5)
Yi * d
ki= (6)
in which d is the distance between the inner electrodes, A is the
mean cross sectional area of the lower limb, ke the specific
extracellular conductivity (at 3 kHz), and ki the specific intra-
cellular conductivity (at 510 kHz). Since in formulae (5) and (6)
the effects of A and d on measured conductivity are incorpo-
rated, ke and ki yield units of conductivity of a standardized
portion of tissue. The conductivity of a compartment depends
on the number of its electrolytes. Thus, it not only depends on
fluid volume, but also on ion concentration. When ion concen-
tration remains constant or conductivity is corrected for ion
concentration differences, conductivity is a measure for fluid
volume [10]. Alter elimination of the influence of interindividual
variation in ion concentration and limb dimensions, the distri-
bution of tissue fluid between EC and IC in a standardized
portion of tissue in patients can be compared to distribution in
control subjects by the following equation:
EC patients
ke patients mean Ys in controls
*
mean ke in controls Ys patients
(2) (7)
IFV patients
Yi patients mean Ys in controls
*
mean Yi in controls Ys patients
* 100%
Conductivity Personal
analyzer computer
and
A
A
* 100%
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Table 1. The amount of regional extracellular (EFV) and intracellular
fluid (IFV) in tissue, the ratio EFV/IFV, the distribution of tissue
fluid between the EC and IC after correction for the size of the lower
limb, and mean cross sectional area of the lower limb (A), all
expressed as percentages of values obtained in control subjects
of group A
Controls Patients
Group A Group B Before After
Number
EFV
IFV
EFV/IFV
EC
IC
A
21
100 13
100 20
100 17
100 14
100 13
100 14
10
102 16
83 19
123 20
107 19
93 18
93 12
29
122 29
59 14
207 27
131 20
69 l3
87 isa
29
103 30"59 14
175 24ac
121 33"
74 17
83 l4a,
or: IC patients
ki patients
= *
mean ki in controls
in which EC and IC in patients reflect the amount of EFV and
IFV per portion of tissue, as percentage of EC and IC in control
subjects.
Blood samples
Blood samples were taken from the control subjects, and
before and after dialysis from the patients to measure Ys and to
compute blood volume decrease (dBV) during dialysis from
erythrocyte counts according to the equation:
ery 0dBV t = 100 — * 100
ery t
in which ery o is the erythrocyte count at the start of treatment,
and ery t is the erythrocyte count after dialysis.
Reproducibility
To assess the reproducibility of the method conductivity
measurements were performed in 10 patients before two con-
secutive dialysis sessions. The coefficiencies of variance of
intra- and extracellular conductivities were 8 and 4%, respec-
tively.
Statistics
Statistical evaluation was performed using Wilcoxon rank-
sum test, and simple regression. A P value of less than 0.01 was
considered significant. All data are provided as mean stan-
dard deviation.
The study had been approved by the Human Ethics Commit-
tee of the Free University Hospital, and each patient gave
informed consent.
Results
EFV and IFV
Although the control subjects of group B were age-compara-
ble with the dialysis patients and the control subjects in group A
Before dialysis After dialysis
Normal 19 22
Overhydration 10 4
Underhydration 0 3
Underhydration Normal hydration Overhydration
EFY 64 6 97 12 163 36"
dEFV/UF 12 5 7 7 6 6
dBV/UF 8 1" 3 2 0b
UF 34±5 36±14 19±13
dpulse 28 17 10 15 9 2
dRRdia —8 21 1 17 12 33
were significantly younger, no difference in regional relative
EFV between these groups could be demonstrated (Table 1).
However, IFV in the two control groups was not similar.
EFV was elevated in patients before dialysis. After dialysis,
EFV was comparable with EFV of both control groups. IFV
was not affected by hemodialysis and significantly lower com-
pared to the control subjects (Table 1).
When the figures were corrected for limb diameter, the
volume of EC after dialysis appeared to be 121%, and the
volume of IC 74% of the control values. Since the distribution
(8) of tissue fluid after dialysis differed from that in control sub-jects, EC and IC were not useful variables to assess post-
dialysis dry weight.
EFV appeared not to be age dependent and revealed a small
range. Furthermore, post-dialysis EFV did not differ from
control values. Therefore, the use of EFV as a gauge for dry
weight was investigated.
Over- and underhydration
Patients with EFV values higher and lower than the mean
2 SD of the control subjects of group A were considered to be
over- or underhydrated before or after dialysis, respectively.
Table 2 shows the number of patients found to be under- or
overhydratedaccording to these criteria. Afterdialysis, 7 out of
29 (24%) patients had an abnormal EFY.
Hemodynamics
Changes in some variables during dialysis of patients with
post-dialysis over- and underhydration are provided in Table 3.
The underhydrated patients did not lose significantly more EFV
per liter of UF during treatment. However, their dBV per liter
UF was pronounced. Consequently, an increase in pulse rate
and a decrease in blood pressure, albeit not significant, were
noticed. The rise in mean diastolic blood pressure in the
overhydrated patients was also not statistically significant.
One underhydrated patient suffered from severe hypotension
Table 2. The number of over- and underhydrated patients before and
after dialysis according to EFV criteria
a P < 0.001 compared to group AbP < 0.001 compared to before dialysis
c P < 0.01 compared to group B
Table 3. Regional EFV after dialysis as percentage of normal,
percentage decreases of regional EFV and BV per liter UP, UF
(mi/kg), percentage increase of pulse frequency (dpulse), and
percentage change in diastolic blood pressure (dRRdia) during
treatment
mean Ys in controls
Ys patients
* 100%
a p < 0.01, b P < 0.005, Significantly different from patients with a
normal EFV after dialysis
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ECV, %
Fig. 2. The relation between dBVper UF unit and regional EFV. EFV
is expressed as a percentage of normal values. dBV is corrected for UF
per kg body weight [dBV/UF = exp(—0.06 EFV + 2.3), r = —0.64, P <
0.001, and dBV/UF = —0.007 EFV + 1.3, r = —0.76, P < 0.001 for the
steep part of the curve].
during dialysis and required acute circulatory support. Other-
wise no hypotensive periods were observed.
In Figure 2 the relation between post-dialysis EFV and
decrease in BV observed during dialysis is depicted. BV
decrease is expressed as percentage decrease per UF unit (ml
per kg body wt). As underhydration was more severe, patients
exhibited a progressively increasing fall in BY.
Discussion
For several reasons regional EFV appeared to be the best
parameter to reflect post-dialysis dry weight. First, since in
control subjects variability of the regional EFV was small,
regional EFV fluctuates within reasonable narrow limits. More-
over, in both control groups regional EFV was the same,
suggesting that age is not a factor seriously influencing EFV.
Secuna, post-dialysis values of a gauge for dry weight have to
be comparable with control values. Since post-dialysis regional
EFV did not differ from that in control subjects, regional EFV
was considered to reflect dry weight.
Both IFY and A were smaller in dialysis patients than in the
two control groups, but compared to A, IFV decrement was
larger. Thus, taking into account the size of the limb, less tissue
fluid was localized intracellularly. In other words, the IC was
smaller in dialysis patients than in control subjects. Although
the size of the limb was smaller after dialysis, the amount of
regional EFV did not differ from the control subjects. Thus, the
amount of tissue fluid stored in the EC after dialysis was higher
than in control subjects. Therefore, it can be stated that a
predominance of the EC in tissue composition existed after
dialysis, compared to healthy subjects. Apparently, tissue
composition after dialysis is different from tissue composition in
healthy control subjects, with respect to the distribution of fluid
over the IC and EC. As post-dialysis tissue composition in
dialysis patients and control subjects was not comparable, this
variable was not suitable to evaluate dry weight.
Since regional IFV in dialysis patients was smaller than in the
age-matched control group, the established low IFV is most
likely an effect of long-term maintenance dialysis. Indeed, it is
known that dialysis patients suffer from catabolism, possibly
inducing a substantial fall in intracellular mass [121. If a low IFV
is associated with long-term dialysis, this abnormality might
evolve in the course of years and not be present in each patient
to the same extent, which is another reason why post-dialysis
tissue composition is not a reliable marker for dry weight. The
difference in IFY between control groups seems to be caused by
the age- or sex-related changes in body composition. As dis-
cussed above, EFV was used as a gauge for post-dialysis dry
weight. Based upon this criterion, 24% of our population was
identified as over- or underhydrated after dialysis. During
dialysis fluid is withdrawn directly from BY, leading to a dBY
which is opposed by refill from the tissues [131.
Although other factors might influence refilling, this mecha-
nism is more pronounced in overhydrated patients, as the
amount of fluid available to compensate for dBY is larger [14,
15]. On the other hand, in underhydrated patients refilling might
be restricted by a deficit of available tissue fluid. Indeed, at the
end of the dialysis sessions a dBY was observed in the
underhydrated, but not in the overhydrated patients (Table 3).
In figure 2 the relationship between dBV and post-dialysis EFY
in the whole patient group is shown. It is clear that when
underhydration arises, dBV is augmented.
Ultimately, dBY will lead to hypotension, and elicit a com-
pensatory adrenergic response that increases pulse rate. As a
consequence blood pressure might be maintained. Indeed,
pulse rate in our underhydrated patients tended to increase. In
two patients blood pressure was maintained. In the third patient
the adrenergic response apparently failed and dBY led to
hypotension requiring plasma expansion. As might be ex-
pected, an adrenergic response was not observed in our over-
hydrated patients.
In our overhydrated patients EFV was larger than in our
underhydrated patients. Although dEFV per liter UF might be
expected to be smaller in overhydrated patients, this could not
be shown.
Except by an incorrectly specified post-dialysis fluid state, a
strong decline in BY during treatment might well be caused by
other factors. Therefore, the application of the conductivity
technique will not eliminate intradialytic hypotension. But, it is
obvious that it can help to optimize post-dialysis fluid state,
eliminating one of the main causes of dBY, namely underhy-
dration. We conclude that regarding the distribution of fluid
between IC and EC in dialysis patients, a reduced amount of
fluid is stored in IC, probably due to loss of intracellular mass.
Regional EFY after dialysis appeared to be comparable to
values in control subjects and was suitable to establish the
post-dialysis tissue hydration state. The observed changes in
0.8
0.6
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0.2
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0
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blood volume and hemodynamic parameters during dialysis
were in agreement with the corresponding diagnoses of tissue
hydration. Thus conductivity measurements are a useful tool in
improving the assessment of dry weight.
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